Combining ability was analyzed using a line × tester (8 × 4) analysis in bread wheat (Triticum aestivum L.). Combining ability analysis, revealed the importance of both additive as well as non-additive genetic variances for control of various traits. The potence ratio (σ 2 gca/ σ 2 sca) suggested the preponderance of additive gene actions for number of effective tillers per plant, length of main spike, number of spikelets per main spike, number of grains per main spike and 100-grain weight and non-additive gene actions for rest of the traits. Parent MP 3288 was the best general combiner, whereas crosses MP 3288 × GW 496 and MP 3288 × GW 366 were found to be the best specific combiners for grain yield per plant and some of the yield contributing traits. However, on the basis of per se performance and significant SCA effects for grain yield per plant and some of its important components, hybrids MP 3288 x GW 366, MP 3288 x HI 1544 and GW 173 x GW 451 were considered to be the most promising for further exploitation in breeding programmes.
Introduction
Since the dawn of civilization, wheat has been a major crop to feed the human society in every part of the world. Wheat was used not only for local feeding but also in trade for exchange of goods. It is believed that wheat developed from a type of wild grass native to the arid lands of Asia Minor. Cultivation of wheat is thought to have originated in Euphrates Valley as early as 10,000 B.C., making it one of the world's oldest cereal crops. In the Mediterranean region, centuries before recorded history, wheat was an important food. Wheat played such a dominant role in the Roman Empire that at the time it often was referred to as a "Wheat Empire". Wheat is a unique gift of nature to the mankind as it contains starch (60-68%), protein (6-21%), fat (1.5-2.0%), cellulose (2.0-2.5%), minerals (1.8%) and vitamins (Das, 2008) . Bread wheat is consumed in India mainly as chapatti. Its other preparations include bread, biscuits, noodles, cakes, pizzas, doughnuts, etc. It is also milled as semolina, locally known as rava or sooji, to prepare different food products like upma, halwa etc.
The combining ability study is a powerful tool to discriminate good as well as poor combiners for choosing appropriate parental material in plant breeding programme. Moreover, information regarding general and specific combing ability enables the plant breeders to evaluate parental material and to decide a suitable breeding procedure for character improvement. The knowledge of nature and magnitude of fixable and non-fixable types of gene effects governing the yield and its components is essential in order to formulate an efficient and a sound breeding programme to achieve the maximum genetic improvement.
Materials and Methods
The present study was conducted at Wheat Research Station, Junagadh Agricultural University, Junagadh (Gujarat), during Rabi 2017-18. The experimental material of the study consisted of eight lines i.e., GW 11, GW 173, GJW 463, HD 2932, J 11-04, Lok 1, MP 3288, Raj 4238 and four testers i.e. GW 366, GW 451, GW 496, HI 1544, one standard check (GW 366) and their 32 F 1 s. The F 1 s were made by crossing eight lines with four testers in line × tester mating design during Rabi 2016-17. These crosses were then evaluated along with the parents and check during Rabi 2017-18. The experimental material was tested in randomized block design with three replications during Rabi 2017-18. A single row plot of 2.5 meters was allotted randomly to each entry. The row-to-row and plant-to-plant distance was kept 22.5 cm and 10 cm, respectively. Twelve morphological characters namely, days to heading, days to maturity, plant height (cm), number of effective tillers per plant, length of main spike (cm), number of spikelets per main spike, grain filling period (days), number of grains per main spike, 100-grain weight (g), grain yield per plant (g), biological yield per plant (g) and harvest index (%). Analysis of variance for combining ability was carried-out according to the method suggested by Kempthorne (1957) .
Results and Discussion
The analysis of variance for combining ability for all the twelve characters is presented in Table 1 . [It was carried out according to the line × tester design proposed by Kempthorne (1957) which is analogous to North Carolina Design-II of Robinson (1948, 1952) .] Mean squares due to lines, testers and their interactions (line × tester) were first tested against the error mean squares. If line × tester interaction mean squares were found to be significant, and then more stringent test of significance was applied and the mean squares of lines and testers were further tested against line × testers means squares.
The magnitude of gca variance was higher than the sca variance for the characters, viz., number of effective tillers per plant, length of main spike, number of spikelets per main spike, number of grains per main spike and 100-grain weight, which indicated preponderance of additive gene action in the inheritance of these traits. Therefore, selection for these traits in early generations would be effective for developing the superior varieties in wheat breeding programme. Preponderance of additive variance in expression of these traits in wheat have also been reported by Pansuriya et al. (2014) for number of effective tillers per plant; Vanpariya et al. (2006) for length of main spike; Ahmad et al. (2017) for number of spikelets per main spike; Yadav et al. (2017) for number of grains per main spike and Ahmad et al. (2017) for 100-grain weight.
The magnitude of sca variance was higher than gca variance for the characters, viz., days to heading, days to maturity, plant height, grain filling period, grain yield per plant, biological yield per plant and harvest index, which indicated preponderance of non-additive gene action in the inheritance of these traits. Therefore, heterosis breeding is used if commercially feasible. Similar findings were also reported by Murugan and Kannan (2017) for days to heading, days to maturity and plant height; Yadav et al. (2017) for grain filling period and grain yield per plant; Kerkhi et al. (2015) for biological yield per plant and Pansuriya et al. (2014) for harvest index.
The summary of general combining ability effects of the parents revealed that none of the parents was found to be good general combiner for all the characters. General combining ability effects of the parents revealed that lines GW 173, HD 2932, Lok 1 and GW 11, testers HI 1544 and GW 366 were found to be good general combiners for days to heading. For days to maturity, female parents GW 173, Lok 1, J 11-04, HD 2932 and GW 11 and male parents HI 1544 and GW 366 were registered as good general combiners. The good general combining ability effect was expressed by the female parent GW 173 and male parent GW 451 for plant height. The estimate of general combining ability effect revealed that female parents MP 3288 and GW 11 and male parents GW 451 and GW 496 have good general combining ability effects for number of effective tillers per plant. Female parents MP 3288, GJW 463 and J 11-04 and male parents GW 496 and HI 1544 showed significant positive general combining ability effects for length of main spike. For number of spikelets per main spike, female parents MP 3288, J 11-04 and GJW 463 and male parent HI 1544 registered as good general combiners. For grain filling period, female parents J 11-04, GJW 463 and MP 3288 and male parents HI 1544, GW 366 and GW 496 showed significant negative general combining ability effects. Female parents MP 3288, J 11-04 and GJW 463 and male parent HI 1544 were considered as good general combiners for number of grains per main spike. For 100-grain weight, female parent Lok 1 and GW 11 and male parent GW 366 emerged with good general combining ability. For grain yield per plant, female parents MP 3288 and GW 11 and male parent GW 451 showed significant positive general combining ability effect. For biological yield per plant, female parents MP 3288 and GW 11 and male parent GW 451 showed significant positive general combining ability effect. Female parents HD 2932 and GW 173 and male parent HI 1544 were observed as good general combiners for harvest index (Table 2) .
As regard to specific combining ability effects ( The present study revealed that both additive and non-additive components were important for inheritance of different characters. The presence of additive gene action would enhance the chances of making improvement through simple selection. The prevalence of both additive and non-additive gene actions suggested the simultaneous exploitation of these gene actions by adopting selective intermating and selection, which could accumulate more of additive genetic variability. The nonadditive gene action can be exploited by the breeding procedures involving biparental mating followed by selection and heterosis breeding. 
